One-hundred and twenty-three epidemiologically unrelated strains of herpes simplex virus type 2 (HSV-2) isolated in Japan and Sweden (68 Japanese and 55 Swedish isolates) were compared by analysis of their genomes using five restriction endonucleases: BamHI, KpnI, EcoRI, HindIII and BglII. Seven of the 93 restriction sites examined showed statistically significant variation between isolates from the two countries. However, HSV-2 isolates were less variable than the HSV-1 isolates previously analysed from the same countries. Using 12 restriction sites as markers, the HSV-2 isolates were classified into 41 cleavage patterns; 17 were specific for Japanese isolates and 15 were specific for Swedish isolates. Correlation coefficients between some sets of 12 markers were significant, but significant correlations between Japanese and Swedish isolates were distinct for each country. Both Japanese and Swedish isolates were assigned to three major patterns with no significant difference in incidence. In contrast, in two other major patterns, differences in incidence between the isolates were statistically significant. These results suggest that HSV-2 populations in geographically separated countries have distinct cleavage site distributions.
INTRODUCTION
Genomic differences between intratypic strains of herpes simplex virus type 1 (HSV-1) and type 2 (HSV-2) have been identified by restriction endonuclease (RE) cleavage analysis (Hayward et al., 1975; Buchman et al., 1978; Lonsdale et al., 1979; Roizman, 1979 Roizman, , 1980 Maitland et al., 1982; Chancy et al., 1983 a, b; Umene et al., 1984) . In addition, this technique has been applied to trace the transmission of these viruses in clinical situations (Buchman et al., 1980; Roizman & Tognon, 1983; Sakaoka et a1.,1984 Sakaoka et a1., , 1986b .
We have recently established a simple and practical method for the differentiation of strains using RE cleavage of unlabelled DNA from HSV-infected cells (Ueno et al., 1982) . Using this method, we reported that there were significant genome variations among HSV-1 isolates from three areas of Japan (Sakaoka et al., 1985) . Also, we presented data showing that HSV-1 populations in Japan, Sweden and Kenya have remarkably distinct RE cleavage site distributions (Sakaoka et al., 1986a (Sakaoka et al., , 1987 .
Thus, we have found that HSV-1 strains from geographically different areas or countries differ genetically. Since the herpesviruses characteristically possess the ability to remain latent after primary infection and be reactivated in carriers who transmit viruses to other hosts in a restricted community by close contact (Buchman et at., 1979 (Buchman et at., , 1980 Roizman, 1979 AND OTHERS al., 1985 , 1986b , we can expect that genomic diversity would also be detected in other human herpesviruses from geographically separated countries.
In this study, we analysed and compared HSV-2 isolates from Japan and Sweden using five REs, noting the gain or loss of cleavage sites. The results revealed that there are statistically significant differences in the occurrence of cleavage sites in HSV-2 isolates from the two countries, although the HSV-2 isolates are apparently less variable than HSV-1 from the same countries.
METHODS
Viruses, isolates and cells. Strain F of HSV-1 and strain G of HSV-2 were used as standard laboratory strains. Sixty-eight Japanese HSV-2 isolates were obtained in the Tokyo area, Japan, from 1974 to 1984 and 55 Swedish HSV-2 isolates were obtained in the Stockholm area, Sweden, from 1984 to 1985. Isolates used in this study were derived only from natives of each country and were also epidemiologically unrelated. The virus strains were isolated using Vero cells (Flow Laboratories) .
Preparation of infected cell DNA. DNA preparations from Vero cells infected with HSV-2 isolates were carried out essentially as described previously (Ueno et al., 1982; Sakaoka et al., 1984 Sakaoka et al., , 1985 .
Restriction enzymes and agarose gel electrophoresis. Restriction enzymes were purchased from Takara Shuzo (Kyoto, Japan). Twenty p.g of infected cell DNA in 100 ~tl was digested with 5 units of enzyme/~g of DNA at 37 °C for 8 h. Digested products were subjected to 0-9~ agarose slab gel (5 × 200 x 200 ram) electrophoresis (45 V, 14 h) in running buffer (36 mM-Tris-HCl, 3 mM-KH2PO#, 1 mM-EDTA pH 7.8). Gels were stained with ethidium bromide (1 ~tg/ml) and photographed under u.v. light.
Southern blot hybridization. In order to verify the variation of HSV-2 isolates, clones of recombinant plasmids containing HSV-2 (strain 186) HindIII fragments (Tsurumi et al., 1986) were used as probes. These clones were kindly provided by Y. Nishiyama (Research Institute for Disease Mechanism & Control, Nagoya University School of Medicine, Nagoya, Japan). The cleavage map for HindlII of strain 186 agreed completely with that for strain HG52 (Tsurumi et al., 1986) . The methods for transfer of electrophoretically separated DNA fragments to membranes and for hybridization of 32p-labelled plasmid probes were essentially the same as described elsewhere (Fujinaga et al., 1979) .
RE cleavage maps. The RE maps and fragment nomenclature for HSV-2 strain HG52 (Cortini & Wilkie, 1978; Wilkie et al., 1978; Chartrand et al., 1981) were used.
Markers for cleavagepatterns. In analysis of the cleavage data, extremely rare sites were excluded and 12 variable markers were selected. The 11 reference sites and a fragment of variable size were as follows ( Fig. 2 and Table 1 ). For BamHI (1) gain of site in G (G = gl + g2), (2) gain of site in L (L = Ii + 12), (3) gain of site in W (W = w 1 -{-W2) , (4) simultaneous gains in Z and A' (Z = zl + z2, A' = a] + a~), (5) size increase in B' and (6) loss of site between C' and D'. For KpnI (7) loss of site between D and I, and (8) loss of site between K and L. For EcoRI (9) loss of site between F and J. For HindIII (10) gain of site in A (A = al + a2) and (11) gain of site in E (E --el + %). For BglII (12) loss of site between P and R. The location of these markers was confirmed by Southern blot hybridization and by comparison of single and double RE digest products. It should be noted that standard strains HG52 (Wilkie et al., 1978; Chaney et al., 1983a) and G (Roizman, 1979 (Roizman, , 1980 Roizman & Tognon, 1983; H. Sakaoka et al., unpublished data) lack all the markers described above.
Computer analysis. KHSPSS system computer programs (t981) in the Hokkaido University Computing Center were used to determine the frequency of each cleavage pattern. Correlation coefficients (r) were also calculated using the product moment formula of K. Pearson. Each marker was coded 0 when absent and 1 when present. Isolates were categorized on this basis into distinct cleavage patterns. Strains HG52 and G were designated 0 for all 12 markers.
Statistical method. P values were calculated according to Fisher's direct probability test (Snedecor & Cochran, 1980) or the corrected Chi-squared test.
RESULTS

Variable sites in isolates from two countries and their incidence
The BamHI RE cleavage profiles of four representative HSV-2 DNAs from Japan and Sweden are given in Fig. 1 . Several fragments displayed clear variability of mobility. Five RE cleavage maps of strain HG52 are presented for reference in Fig. 2 . Table 1 summarizes the comparative data on the incidence of variable RE sites in HSV-2 isolates from the two countries.
In the Swedish isolate S-31, an intact G (G = U-V), normally located at the L-S junction, was absent as a result of cleavage of G into gl and g2 (G = gl + g2) [(1) in Fig. 1 ]. Seven of the 55 Swedish isolates showed this variation (Table 1 ). An intact L was present in J-539 and J-560, but (Fig. 2) . O, m, C) and • identify Y, Z, A' and B', respectively. Lower case letters show the cleaved fragments as described in Methods. Arrows indicate the fragments that exist in strain HG52 but are absent from these isolates. Fragments in UL or Us are shown by large triangles and fragments containing sequences from the inverted repeats are shown by smaller triangles. Parenthesized numbers (1) to (6) correspond to the numbered fragments in Table 1 and to sites of the BamHI map in Fig. 2. in the other two Japanese isolates shown (J-464 and J-540) L was cleaved to 11 [(2) in Fig. 1 ] and 12 (12 presumably electrophoresed out of the gel). Each of the four Swedish isolates had an intact L. The cleaved L was present in 15 of the 68 Japanese isolates, but in none of the 55 Swedish isolates. Significant differences between isolates from each country were found for the frequency of site gains in G and L. Wilkie et al. (1978) and Chartrand et al. (1981) , respectively. The EcoRI, HindllI and BgllI maps are those of Cortini & Wilkie (1978) . Numbers under each map identify the positions of cleavage sites and fragments that show variation in HSV-2 i~olates and correspond to the numbers representing each site in Tables 1 and 4 , and Fig. 1 and 3 . Two Japanese isolates (J-464 and J-540) and three Swedish isolates (S-34, S-51 and S-57) possessed an intact W [(3) in Fig. 1 ]. However, this fragment was cleaved into wl and w2 in other isolates. The cleaved W was present significantly more frequently in the Swedish isolates than in Japanese isolates. In two Japanese isolates (J-464 and J-540), Z and A', which are located symmetrically in the S segment of the genome and contain the junctions between IR~ and Us and between Us and TRy, respectively, were cleaved into zl, z2 and a'~, a~. In them, zl and al' comigrated below the two-molar fragment G' [(4) in Fig. 1 ]. The simultaneously cleaved Z and A' were found in many Japanese isolates, but in only one Swedish isolate.
The increase of B' in size was often observed, as shown in J-539, S-51 and S-57 [(5) in Fig. 1 ], but no significant difference was found between isolates from the two countries. Fig. 4 . HindllI (three lanes at the left) and BamHI RE profiles (five lanes at the right) showing HSV-2 strain differences. This gel was used for Southern blot hybridization (Fig. 5) . G at the tops of lanes represents strain G. Other details are the same as for Fig. 1 .
The HindIII profiles are presented in Fig. 3 . Fragment A in J-511 and J-540 was cleaved into the two fragments designated as al (longer part of A) and a2 [(10) in Fig. 3 ]. Also, E was cleaved into el and e2 in S-74 S-75 [(11) in Fig. 3 ]. Fragment A was cleaved in 18 of the 68 Japanese isolates, whereas all of the Swedish isolates exhibited an intact A. In contrast, the cleaved E was present in only two Japanese isolates, but it was present in 18 Swedish isolates. These differences were determined to be statistically significant.
To verify these variations, the DNAs of three strains digested with HindIII and of five strains digested with BamHI were electrophoresed on a gel (Fig. 4) , and transferred to a nitrocellulose membrane. Next, Southern blot hybridization was performed using 32p-labelled HindIII A and 32p-labelled HindIII D, respectively, as the probes (Fig. 5) . The results of the hybridization showed that the use as markers of fragments newly generated by gain or loss of sites was justified.
The results of cleavage analysis using KpnI, EcoRI and BgllI are also summarized in Table 1 . The isolates which lacked the cleavage site between KpnI D and I were more common in Japanese isolates than in Swedish isolates. However, the incidence of isolates lacking the sites between EcoRI F and J and BgllI P and R did not correspond to a significant difference between the two countries. In conclusion, seven of the 12 markers examined were found at significantly different frequencies in isolates from the two countries. 
Distribution of cleavage patterns in HSV-2 isolates from two countries
In order to substantiate whether the markers were distributed randomly among isolates from each country, we categorized them into cleavage patterns by which genomic similarities could be represented simply. In this classification, strain HG52 (Cortini & Wilkie, 1978; Wilkie et al., 1978; Chartrand et al., 1981; Chaney et al., 1983a) and strain G (Roizman, 1979 (Roizman, , 1980 Roizman & Tognon, 1983; H. Sakaoka et al., unpublished data) were placed together in pattern 41 (Table 2) .
In addition, 123 strains of HSV-2 from Japan and Sweden were classified into 41 different cleavage patterns (Table 2) . Classification into such a large number of patterns suggests that variation of each site had occurred randomly and independently. There were 26 patterns for Japanese isolates and 24 for Swedish isolates. Of the 26 Japanese patterns, 17 (34 isolates of 68) were specific to Japan. Of the 24 Swedish patterns, 15 (18 isolates of 55) were specific for Sweden. Nine (i.e. patterns 2, 15, 18, 20, 23, 25, 30, 37 and 39) of the 41 patterns were common to both countries.
Isolates categorized into patterns 6 and 18 were predominant in Japan and Sweden, respectively, and this difference between the two countries was statistically significant. However, isolates in the major patterns 20, 23 and 37 were not significantly different in frequency.
The number of cleavage site differences between predominant patterns is indicated in Table  3 . Patterns 6 and 18 which were isolated most frequently in Japan and Sweden, respectively, differed greatly and the other major patterns differed less. One interpretation of this is that patterns 6 and 18 diverged before patterns 20, 23 and 37 arose.
Among other individual patterns, seven of the 12 markers differed in the most genetically distant isolates, as can be seen by comparing patterns 2 (101000101010) and 6 (010100100100). These patterns were detected mainly in Japanese and Swedish isolates, respectively. However, it is also worth noting that six sites and a fragment of variable size (i.e. seven markers) differed between isolates from the same country, as can be seen by comparing patterns 25 and 26. However, these patterns were minor in their frequency of occurrence.
Correlation between every pair of twelve markers
The significant correlation coefficients (positive or negative; P < 0-05) between 12 variable markers in isolates from each of the two countries are given in Table 4 . There were 16 and six significantly correlated values for Japanese and Swedish isolates, respectively, in the 66 combinations. In Japanese isolates, BamHI L [(2) in Table 4 ] and HindIII A [(10) in Table 4 ] showed the highest correlation. In Swedish isolates, BamHI W [(3) in Table 4 ] HindIII E [(1 l) in Table 4 ] were linked significantly. Interestingly, it is clear that the Japanese and Swedish isolates possess completely distinct sets of correlated sites, so that no position in Table 4 has an entry for both countries. These results suggest that variations in the isolates have occurred separately and independently, and that these variations have been inherited in isolates from each country.
DISCUSSION
This study has dealt in two ways with a comparative analysis of genome variation in HSV-2 isolates from Japan and Sweden. The comparison was based on gain or loss of cleavage sites (12 markers) using five REs whose maps have been published for the standard strain HG52 (Cortini & Wilkie, 1978 ; Wilkie et a/., 1978; Chartrand et al., 1981) . The first aspect was concerned with whether the incidence of the 12 markers examined was distinct in isolates from the two countries. The second was concerned with whether alterations of the 12 markers were randomly or non-randomly distributed among the isolates. For these purposes, isolates were classified into cleavage patterns of which the genome structures could be simply formulated using the computer.
The gain or loss of cleavage sites was selected for representing phylogenetically related groups, because they are more useful markers than fragment length (Roizman, 1979; Chaney et al., 1983b; Sakaoka et al., 1986a Sakaoka et al., , 1987 . In addition, cleavage sites have been found not to vary in epidemiologically related isolates (Lonsdale et al., 1979; Roizman & Tognon, 1983; Maitland eta/., 1983; Sakaoka et a1.,1984 Sakaoka et a1., , 1986b or randomly cloned stocks of a single strain (Davison & Wilkie, 1981 ; Roizman & Tognon, 1983) , wherever the fragments are located in the genome. On the other hand, the length of some fragments (e.g. BamHI G, Z and A' in the HSV-2 genome) derived from the regions spanning the unique sequence-repeat sequence junction and repeated regions in a number of plaque-purified stocks of a single HSV-2 strain are known to vary (Davison & Wilkie, 1981 ; H. Sakaoka et al., unpublished data) . Therefore, cleavage sites were the major markers chosen, but the length variation of a fragment located in the unique sequences (BamHI B') was also used.
For the isolates studied, gain of additional sites in BamHI L and HindlII A was specific to Japanese isolates with a relatively high significance. There was also a significant difference between the isolates from the two countries in the simultaneous gain of the sites in BamHI Z and A', and for gain of a site in HindIII E. The occurrence of seven out of 93 sites (87 sites in strain HG52 and six novel sites) showed a statistically significant correlation with the country of origin. This implies that 1"25~o [7 x 100/(6 x 93)] of the 160 kbp genome may differ between the most genetically distant HSV-2 isolates from each country. The corresponding value for HSV-1 isolates from Japan and Sweden is 2.3~ (Sakaoka et al., 1987) . Thus, HSV-2 isolates appear to be less variable than HSV-1 isolates. This may be interpreted as indicating that the HSV-1 lineage is more ancient than that of HSV-2, or that opportunities during viral growth for genetic mutation were provided more often in HSV-1 strains than in HSV-2, i.e. the transmission of HSV-1 from host to host occurred more often than that of HSV-2 throughout the existence of HSV.
On the other hand, the additional BamHI site in L was detected mainly in isolates in which BamHI Z and A' also had additional sites, as shown in many Japanese isolates (see cleavage pattern 6). In order to examine the correlation, correlated values in every pair of 12 markers were determined. Sixteen and six pairs of significant correlation coefficients could be detected for Japanese and Swedish isolates respectively and these were distinct for each country. Chaney et al., (1983) pointed out that the linkage in HSV-1 isolates might have resulted from a non-random linkage relationship between two sites in the HSV genome. However, the separate linkage relationship in each of the Japanese and Swedish isolates can be explained by proposing that the majority of isolates have mutated separately in the individual countries, these mutations consisting of both relatively ancient and new changes, the ancient changes having been inherited and accumulated in newly changed isolates.
The Japanese and Swedish isolates were clustered in four (patterns 6, 20, 23 and 37) and five (patterns 2, 18, 20, 23 and 41) predominant patterns, respectively. Two of these cleavage patterns (patterns 20 and 23) were common to isolates from both countries. Other patterns, however, were significantly specific for each country. Particularly, patterns 6 and 18 were restricted to Japanese and Swedish isolates, respectively, and were predominant in the appropriate country. Thus two types of patterns were detected : those present largely within the population of one country and those present at an approximately equal extent in both countries.
The extent of variation in HSV-2 isolates contrasted strikingly to the HSV-1 isolates, in which those from the same countries could be completely distinguished by their patterns (Sakaoka et  al., 1987) . Therefore, the lower variability observed among HSV-2 strains might be a reflection of an intrinsic property of the virus, although Roizman (1979) cautioned that it may have resulted from the smaller number of isolates or enzymes tested.
Finally, it should be noted that distinct HSV-2 isolates were obtained not only in the different countries but also within each country. However, most isolates in each country were genetically more related to each other than to the isolates from the other country. Therefore, it is possible to assume that a few genetically similar progenitors of HSV existed in the different countries, and that these evolved independently within the two races or the two countries following serial passages in separate hosts.
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